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(54) Liquid crystal display and driving method thereof 



(57) Disclosed is an LCD and driving method there- 
of. The present invention comprises a data gray signal 
modifier for receiving gray signals from a data gray sig- 
nal source, and outputting modification gray signals by 
consideration of gray signals of present and previous 
frames; a data driver for changing the modification gray 
signals into corresponding data voltages and outputting 
image signals; a gate driver for sequentially supplying 



scanning signals; and an LCD panel comprising a plu- 
rality of gate lines for transmitting the scanning signals; 
a plurality of data lines, being insulated from the gate 
lines and crossing them, for transmitting the image sig- 
nals; and a plurality of pixels, formed by an area sur- 
rounded by the gate lines and data lines and arranged 
as a matrix pattern, having switching elements connect- 
ed to the gate lines and data lines. 
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[0001] The present invention relates to a Liquid Crystal Disrjlax, n rn\ ^ n • ■ 

the present invention relates to an LCD and drtvinc , rSSw? f v ? * " 9 mSth ° d thereof * More specifically, 

a response speed of the liquid costal 9 " Pr ° V,d,n9 com P en ^ data voltage in order to improve 
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Description 

BACKGROUND OF THE INVENTION 
5 (a) Field of the Invention 

[0001] 

the pres 

a response speed of the liquid crystal ° "'~ ' H,uv,a,n 9 com P ens ated data voltage in orderto improve 

(b) Description of the Related Art 

SST Ti ;°- steacl °' "» '^^"^~ ,n9 "' tet panai ,ypa ^"^^ 

field, .hereby obtaining desired iLg. ZjST E LCD Is o£2E. * T"*" " "" e " S " y 01 ,he el ~'* 
d-*yde,,ces.a„ a i„p a ,, la ,, ar ^^ 

ing element is widely utilized. nuiuurysiai aispiay (TFT-LCD) employing the TFT as a switch- 

speed, it is difficu., to implement moving pictures JTng th SilSS?^^^.^ l,**^ reSP ° nSe 
response speed, another type of TFT-LCD that uses th» ™tIT TFT ' LCD - To solve the problem of the delayed 
liquid crystal (FLC) has beer .developed P " V com P ensated ba " d (OCB) mode or ferro-electric 

[0005] HoweveUhestructureoftheconventional.TFT-LCDpanelmustbemod.iedtouseth.OCBmodeortheFLC. 
SUMMARY OF THE INVENTION 

signal frlTd^^lrr^ 3 «^ ™ for receiving gray 

present and previous" raLs; a «S3^S^ZS^r Bn ' y 5190318 ** C ° nsideration « W signafs of 
and outputting image signa.s a gate d^^tZT^SST ^ ^ ^ COrres P ondi "9 data stages 
a plurality of gate .ines for transmitting the JZ!ZZ^^S^^T? Tf? ™" ™ LC ° P8ne ' C °™P™"9 
and crossing them, for transmitting the image 2 ? and ' tS^SZ , T" ei " 9 ^"'^ fr ° m the 9ate lines 

gate lines and data lines and arranged Ta ma! fx n^T h P * P,Xe,S ' f ° med by an area surrounded by the 
data lines. 9 S * matnX pattern ' nav,n 9 etching elements connected to the gate lines and 

writing and reading the gray senate ofS fl ?J^^££^? 8 C6ntr °" er C ° ntr °" in9 

gray signals of a present frame transmitted b V the daTarZ^, 9 * 9na ' converter ,or considering the 

and outputting the combined gray signafs VoThJ frame IS Whi ° h the COntr0,,er is synchronized, 

for dividing the gray signals output bythe ^wZSJT 3 Signa ' C ° nVerter; and a divida 

surrounded by the gate lines and dataTnls and a nZZ .Tf ?^ * ° f pixels > formed b V a " area 

to the gate lines and data lines, ^ SWitchin 9 elemen * connected 

gate lines; (b) receding imago signate f^CSZT^ sa ^ntially supp.ying scanning signals to the 
sidering image signals of present and previousTrames and fcTsun'^n d^aUng modification image signals by con- 
modification image signals to the data lines ( * PP * " 9 data V ° ltageS corre sPonding to the generated 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate an 
embodiment of the invention, and, together with the description, serve to explain the principles of the invention: 

5 

FIG. 1 shows an equivalence circuit of an LCD pixel; 

FIG. 2 shows data voltages and pixel voltages supplied by a prior driving method; 
FIG. 3 shows a transmission of the LCD according to a prior driving method; 
FIG. 4 shows a modeled relation between the voltage and permittivity of the LCD; 
10 FIG. 5 shows a method for supplying the data voltage according to a first preferred embodiment of the present 

invention; 

FIG. 6 shows a permittivity of the LCD in case of supplying the data voltage according to the first preferred em- 
bodiment of the present invention; 

FIG. 7 shows a permittivity of the LCD in case of supplying the data voltage according to a second preferred 

15 embodiment of the present invention; 

FIG. 8 shows an LCD according to the preferred embodiment of the present invention; 
FIG. 9 shows a data gray signal modifier according to the preferred embodiment of the present invention; 
FIG. 10 shows a conversion table according to the first preferred embodiment of the present invention; 
FIG. 11 shows a data gray signal modifier according to a second embodiment of the present invention; 

20 FIG. 12 conceptually shows an operation of the data gray signal modifier according to the first preferred embodi- 

ment of the present invention shown in FIG. 11 ; 

FIG. 13 conceptually shows an operation of the data gray signal modifier according to the second preferred em- 
bodiment of the present invention shown in FIG. 11; 

FIG. 14 shows a data gray signal modifier according to a third embodiment of the present invention; 
25 FIGs. 15(a) to 15(c) show a conversion process of the modified gray data computed according to the third preferred 

embodiment of the present invention; and 

FIG. 16 shows a waveform diagram for comparing the conventional voltage supply method with that according to 
the preferred embodiment of the present invention. 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] In the following detailed description, only the preferred embodiment of the invention has been shown and 
described, simply by way of illustration of the best mode contemplated by the inventor(s) of carrying out the invention. 
As will be realized, the invention is capable of modification in various obvious respects, all without departing from the 

35 invention. Accordingly, the drawings and description are to be regarded as illustrative in nature, and not restrictive. 
[0013] The LCD comprises a plurality of gate lines which transmit scanning signals, a plurality of data lines which 
cross the gate lines and transmit image data, and a plurality of pixels which are formed by regions defined by the gate 
lines and data lines, and are interconnected through the gate lines, data lines, and switching elements. 
[0014] Each pixel of the LCD can be modeled as a capacitor having the liquid crystal as a dielectric substance, that 

40 is, a liquid crystal capacitor, and FIG. 1 shows an equivalence circuit of the pixel of the LCD. 

[0015] As shown, the LCD pixel comprises a TFT 10 having a source electrode connected to a data line D m and a 
gate electrode connected to a gate line S n , a liquid crystal capacitor C 1 connected between a drain electrode of the 
TFT 10 and a common voltage V com , and a storage capacitor C^ connected to the drain electrode of the TFT 10. 
[0016] When a gate ON signal is supplied to the gate line Sn to turn on the TFT 10, the data voltage V d supplied to 

45 the data line is supplied to each pixel electrode (not illustrated) via the TFT 10. Then, an electric field corresponding 
to a difference between the pixel voltage Vp supplied to the pixel electrode and the common voltage is supplied 
to the liquid crystal (shown as the liquid crystal capacitor in FIG. 1 ) so that the light permeates the TFT with a trans- 
mission corresponding to a strength of the electric field. At this time, the pixel voltage V p is maintained during one 
frame period. The storage capacitor C st is used in an auxiliary manner so as to maintain the pixel voltage V p supplied 

50 to the pixel electrode. 

[0017] Since the liquid crystal has anisotropic permittivity, the permittivity depends on the directions of the liquid 
crystal. That is, when a direction of the liquid crystal is changed as the voltage is supplied to the liquid crystal, the 
permittivity is also changed, and accordingly, the capacitance of the liquid crystal capacitor (which will be referred to 
as the liquid crystal capacitance) is also changed. After the liquid crystal capacitor is charged while the TFT is turned 
55 ON, the TFT is then turned OFF. If the liquid crystal capacitance is changed, the pixel voltage V p at the liquid crystal 
is also changed, since Q=CV. 

[0018] For an example of normally white mode twisted nematics (TN) LCD, when zero voltage is supplied to the 
pixel, the liquid crystal capacitance C(0V) becomes e x A/d, where z ± represents the permittivity when the liquid crystal 
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represents the distance between the subs rates If LI IS, ' , rep ? S6ntS the area ° f *e LCD substrate, and -tf 
5V vo.tage is supplied to the liquid T^^^JS^STT^ * ™ * ^ t0 be 5V ' ^ the 

and therefore, the liquid crystal capacitance C SoSST TTS Sin- ^ perpendicular *> the ^strate, 
used in the TN mode, the more the pixel voltaae , .SSS Z (L ?' IT " " 6± > ° the Case of the cl Vstal 
crystal capacitance becomes greater PP ^ " qU ' d Wai beComes 9 realer - the more the liquid 

^^™%^txsz ?-^t^~ T ,ack is C(5V) * 5v - — ■ * " 

crystal has not yet responded during the TFT" sum ON oeriod »T CapaCltance beco ™* C(OV) since the liquid 
voltage Vd to the pixel, the actual amount ofThe ohTroe proved IT' 'Tk SUppHes 5V data 

C(5V). the pixel vortage below 5V (e a 3 SvVte ~? n ? P ' Xe ' becomes C (0V) x 5V, and since C(OV) < 

mented. Further, when the i^t^^^^SSi V 'To S^-T ^ ^ fU " " "* ^ 
the charge provided to the liquid crystal becomes C(3 5 J x 5V 7ndC h iT?™'* "'^ the am0Unt of 

the present frame reaches the desired gray after a few frame i£ L 9 , 9ray t0 3 '° Wer *""). the gray of 

» gray of a previous frame. In a simi.ar mannerThe J^i? ?T PrGS6nt fr " ne iS affeCted by the 

the liquid crystal capacitance is C(5V) and «S„2 th 1 „ rasp ° nd,n 9 to C < 5V > * 5V is charged to the pixel since 
[0022] Therefore, the pixel voltage V actual sS^ to tf . T Vp ° f ,he ' iqUid Cfystal becomes 5 * 

S I shownThV Ifv^at^rre ^ * Pri ° r ^ 

framelithout ^B^5^T3C^S't - ^ * ^^"V «W*d tor each 

liquid crystal becomes lower or higherLnC^STvSS; £ STr ^ PiX6 ' V °' ta9e V p SUpplied to the 
the pixel voltage of the previous frame, as described above Henrft? CrVSta ' Capacitance corresponding to 

after a few frames. °escnbed above. Hence, the pixel voltage V p reaches the target pixel voltage 

S n " .s supplied to each pixel. Here, the picture signalTTeo rtZf * „ 9091 S "' and the modified picture signal 
methods. However, since binary gray codes are use fco 3 th G 1^ T Ca " ° f ana '°9 drivin 9 

modification of the voltage supplied to the pixeM perform^ Z th! V0,ta9e d '" 9ital drivin 9 metho ^, the actual 
[0028] First, if the picture signal (the qrav stona^^ * , m ° drf,Catlon ° f the 9ray si 9 nal - 
signal of the previous frame, the modLSn I f not pedo^ed *" ^ ^ iS With ^ **« 

• -olefgraT^ 

(or the data voitage) of the present frame* Sr^^^STJS? " ° UtpUt ' and if the ^ a V ^na 

lower than the present gray signal (data voZe s outou ^71^ * M ** gray si 9 nal < date ^Xage) 
difference between the present gray s gna° data iSS^l! ™' ^ iS P"*>°«™> to the 

[0030] A method for modifying , t he data vottaqe accord n o to « ! 9 ? y 9na ' (data VO,ta 9 e > « the previous frame. 

Lwein ^S^ £ %Ta^^^ axis represents a ratio 

arranged parallel to the substrate that is when the ,| in, Z™, , , P erm '«.v,ty at the time the liquid crystal is 

[0033] The maximum va.ue of e (X n^S^Tf"?^ 10 Permea,ing direCti °" ° ,tha 

- V th and V max respectively represent pixel voSgi IZ m ZelL^ 5 1 V ' V - 1 ° be 4V ' Here the 

frLei h rr a =^ 

-tancebetweenthesubstraLareresp^^^ 
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Equation 1 C st =< C, >=(1/3) (£ // + 2z ± y(A/d) = (5/3).(e ± Aid) = (5/3). CO 

where CO = £ ± -A/d. 

[0035] Referring to FIG. A, z(v)/z ± can be expressed as Equation 2. 

Equation 2 E(v)/e x = (1/3)-(2 V+1) 

[0036] Since total capacitance C(V) of the LCD is the sum of the liquid crystal and the storage capacitance, the 
capacitance C(V) can be expressed in Equation 3 from Equations 1 and 2. 



Equation 3 

C(V) = C, + C st = s{v) ♦ (/4 / ) + (5 /3) • CO = (1/3) - (2K + 1) • CO + (5/3) • CO 
= (2/3). (^ + 3). CO 

[0037] Since the charge O supplied to the pixel is preserved, the following Equation 4 is established. 

Equation 4 Q = C( V n ^ ). V n = . C( V f y V f 

where V n represents the data voltage (or, an absolute value of the data voltage of an inverting driving method) 
to be supplied to the present frame, C{V^) represents the capacitance corresponding to the pixel voltage of the 
previous frame (that is, (n-1)th frame), and C(V f ) represents the capacitance corresponding to the actual voltage V f of 
the pixel of the present frame (that is, n-th frame). 
[0038] Equation 5 can be derived from Equations 3 and 4. 

Equation 5 C( )• V n = C( V f y V f = (2/3)-(V r>1 + 3)- V n = (2/3)-( V f + 3). V f 

[0039] Hence, the actual pixel voltage Vf can be expressed as Equation 6. 

Equation 6 I/, = (-3+ J9 + 4V n ( V^+3))/2 

[0040] As clearly expressed in Equation 6, the actual pixel voltage V f is determined by the data voltage V n supplied 
to the present frame and the pixel voltage V rv1 supplied to the previous frame. 

[0041] If the data voltage supplied in order for the pixel voltage to reach the target voltage V n at the n-th frame is set 
to be V n \ the data voltage V n ' can be expressed as Equation 7 from Equation 5. 

Equation 7 ( + 3). V n * = ( V„ + 3)- V n 

[0042] Hence, the data voltage V n ' can be expressed as Equation 8. 

V V - V 
Equation 8 V' = w n + 3 ■ V n = V + — 11. V 

[0043] As noted-above, when supplying the data voltage V n ' obtained by the Equation 8 by the consideration of the 
target pixel voltage V n of the present frame and the pixel voltage V rv1 of the previous frame, the pixel voltage can 
directly reach the target pixel voltage V n . 
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[0044] Equation 8 is derived from FIG. 4 and a few assumptions, and the data voltage V ■ applied to the general 
LCD can be expressed as Equation 9. 



Equation 9 \VJ = \VJ + ^V^V^) 

istics WhSre fUnCti0n ' ^ de,ermined by the chara cteristics of the LCD. The function f has the following character- 
[0045] That is, f = 0 when I V^ll^l, f> 0 when I VJ>\V^\, and f< 0 when IV/J < IV J 

[0046] A method for supplying the data voltage according to a first preferred embodiment of the present invention 
will now be described. 

[0047] FIG. 5 shows the method for supplying the data voltage. 

[0048] As shown in the first preferred embodiment, the data voltage V n ' modified by consideration of the target pixel 
voltage of the present frame and the pixel voltage (data voltage) of the previous frame is supplied, and the pixel voltage 
Vp reaches the target voltage. That is, in the case the target voltage of the present frame is different from the pixel 
voltage of the .previous frame, the voltage higher (or lower) than the target voltage of the present frame is supplied as 
the modified data voltage so as to reach the target voltage level at the first frame, and after this, the target voltage is 
supplied as the data voltage at the following frames. Therefore, the response speed of the liquid crystal can be in- 
crSaSGQ . 

[0049] At this time, the modified data voltage (charges) is determined by consideration of the liquid crystal capaci- 
tance determined by the pixel voltage of the previous frame. That is, the charge Q is supplied by considering the pixel 
voltage level of the previous frame so as to directly reach the target voltage level at the first frame 
[0050] FIG. 6 shows a permittivity of the LCD in the case of supplying the data voltage according to the first preferred 
embodiment of the present invention. As shown, since the modified data voltage is supplied according to the first 
preferred embodiment, the permittivity directly reaches the target permittivity. 

[0051]- In a second preferred embodiment, a modified voltage V n " a little higher than the target voltage is supplied to 
the pixel voltage As shown in FIG. 7, the permittivity becomes lower than the target permittivity before a half of the 
response time of the liquid crystal, but after this, the permittivity becomes overcompensated compared to the tarqet 
value so that the average permittivity becomes equal to the target permittivity. 

[0052] An LCD will now be described according to a preferred embodiment of the present invention 

[0053] FIG. 8 shows an LCD according to the preferred embodiment of the present invention. The LCD according 

to the preferred embodiment uses a digital driving method. 

modifier So*"*™' ^ ^° C ° mpriSeS an LCD panel 1 00 ' a 9 a,e driver 200 ' a data driv er 300 and a data gray signal 

[0055] A plurality of gate lines S1 , S2 Sn for transmitting gate ON signals, and a plurality of data lines D1 D2 

Dn for transmitting the modified data voltages are formed on the LCD panel 1 00. An area surrounded by the gate lines 
and data lines forms a pixel, and the pixel comprises TFTs 110 having a gate electrode connected to the gate line and 
having a source electrode connected to the data line, a pixel capacitor C1 connected to a drain electrode of the TFT 
110, and a storage capacitor C st . 

[0056] The gate driver 200 sequentially supplies the gate ON voltage to the gate lines so as to turn on the TFT having 
a gate electrode connected to the gate line to which the gate ON voltage is supplied 

[0057] The data gray signal modifier 400 receives n-bit data gray signals G n from a data gray signal source (e q a 
graphic signal controller), and outputs the m-bit modified data gray signals G„' by consideration of the m-bit data gray 
s.gnals of the present and previous frames. At this time, the data gray signal modifier 400 can be a stand-alone unit 
or can be integrated into a graphic card or an LCD module. 

[0058] The data driver 300 converts the modified gray signals G n ' received from the data gray signal modifier 400 
into corresponding gray voltages (data voftages) so as to supply the same to the data lines 
[0059] FIG. 9 shows a detailed block diagram of the data gray signal modifier 400 of FIG 8 

^ 601 m AS Sh ° Wn ' ^ Si9nal m ° difier 400 com P rises a combiner 410. a frame memory 420, a controller 
430, a data gray signal converter 440 and a divider 450. The combiner 410 receives gray signals from the data gray 
s.gna source, and converts the frequency of the data stream into a speed that can be processed by the data gray 
signal modifier 400. For example, if 24-bit data synchronized with the 65MHz frequency are transmitted from the data 
?nZu 9 T S ° Ur< : e and .! he processin 9 s P eed of the components of the data gray signal modifier 400 is limited within 
50MHz. the combiner 41 0 combines the 24-bit gray signals into 48-bit gray signals G m two by two and then transmits 
the same to the frame memory 420. 

[0061] The combined gray signals G m output the previous gray signals G^ stored in a predetermined address to 
the data gray signal converter 440 according to a control process by the controller 430 and concurrently stores the 
gray s.gnals G m transmitted by the combiner 410 in the above-noted address. The data gray signal converter 440 
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receives the present frame gray signals G m output by the combiner and the previous frame gray signals G m , output 
by the frame memory 420, and generates modified gray signals G m ' by processing the gray signals of the present and 
previous frames. 

[0062] The divider 450 divides 48-bit modified data gray signals G m ' output by the data gray signal converter 440 

5 and outputs 24-bit modified gray signals G n \ 

[0063] In the preferred embodiment of the present invention , since the clock frequency synchronized to the data gray 
signal is different from that for accessing the frame memory 420.. the combiner 410 and the divider 450 are needed, 
but in the case the clock frequency synchronized to the data gray signal is identical with that for accessing the frame 
memory 420, the combiner 41 0 and the divider 450 are not needed. 

10 [0064] Any digital circuits that satisfy the above-defined equation 9 can be manufactured as the data gray signal 
converter 440. 

[0065] Also, in the case a lookup table is made and stored in a read only memory (ROM), the gray signals can be 
modified by accessing the lookup table. 

[0066] Since the modified gray voltage V n ' is not only proportional to the difference between the data voltage V n 1 of 
the previous frame and the V n of the previous frame but also depends on their respective absolute values, the config- 
uration of the lookup table makes the circuit more easy compared to the computation process. 

[0067] in order to modify the data voltage according to the preferred embodiment of the present invention, a dynamic 
range wider than the actually used gray scale range must be used. In the analog circuits, this problem can be solved 
using high voltage integrated circuits/but in the digital circuit, the number of the grays is restricted. For example, in 
the 6-bit gray case, a portion of the 64 gray levels has to be assigned not for the actual gray representation but for the 
modified voltage. That is, a portion of the gray level should be assigned for modification of the voltage, and hence the 
number of the grays to be represented is reduced. 

[0068] In order to prevent the reduction of the number of the grays, a truncation concept can be introduced. For 
example, it is assumed that the voltage from 0 to 8V is necessary when the liquid crystal is activated at voltage from 
1 to 4V and a modification voltage is considered. At this time, when dividing the voltage having the range from 0 to 8V 
into 64 levels in order to perform a full modification, the number of the grays which can be actually represented becomes 
about 30 at most. Therefore, in the case the range of the voltage becomes 1 to 4V and the modified voltage V n ' becomes 
greater than 4V, the number of the grays can be reduced if truncating all the modification voltages to 4V. 
[0069] FIG. 1 0 shows a configuration of the lookup table to which the concept of the truncation is introduced according 
30 to the preferred embodiment of the present invention. 

[0070] In the preferred embodiments of the present invention, the LCD driven by a digital method is described and 
also the present invention can be applied to the LCD driven by an analog method. 

[0071] In this case, a data gray signal modifier which functions corresponding to the data gray signal modifier as 
described in FIG. 8 is needed, and this data gray signal modifier can be implemented using an analog circuit that 
35 satisfies the equation 9. 

[0072] As described above, the pixel voltage reaches the target voltage level as the data voltage is modified and the 
modified data voltage is provided to the pixels. Therefore, the configuration of the TFT LCD panel is not needed to be 
changed and the response speed of the liquid crystal can be improved. 

[0073] FIG. 1 1 shows a detailed block diagram of the data gray signal modifier 400 according to a second preferred 
40 embodiment of the present invention. 

[0074] As shown, the data gray signal modifier 400 comprises a frame memory 460, a controller 470 and a data gray 
signal converter 480, and receives n-bit gray signals of the respective red-(R), green (G) and-blue (B) from the data 
gray signal source. Therefore, the total number of bits of the gray signals transmitted to the data gray signal converter 
480 becomes (3 x n) bits. Here : a skilled person can make either the (3 x n)-bit gray signals be concurrently supplied 
to the data gray signal modifier 480 from the data gray signal source, or make the respective n-bit R, G and B gray 
signals be sequentially supplied to the same. 

[0075] Referring to FIG. 11 , the frame memory 460 fixes the bit of the gray signal to be modified. The frame memory 
460 receives m bits of the n-bit R, G and B gray signals from the data gray signal source, stores the same in prede- 
termined addresses corresponding to the R, G and B, and outputs the same to the data gray signal converter 480 after 
a single frame delay. That is, the frame memory 460 receives the m-bit gray signals G n of the present frame and outputs 
m-bit gray signals G n _ 1 of the previous frame. 

[0076] The data gray signal converter 480 receives (n-m) bits of the present frame G n which are passed through 
without modification, m bits of the present frame received for modification, and m bits of the previous frame G delayed 
by the frame memory 460, and then generates the modified gray signals G n ' by considering the m bits of the present 
5 5 and previous frames. 

[0077] The above-noted description will now be further provided, with reference to FIG. 12. 

[0078] FIG. 12 conceptually shows an operation of the data gray signal modifier according to the first preferred 
embodiment of the present invention. It is assumed that the R, G and B gray signals transmitted to the data gray signal 
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modifier 400 from the data gray signal source are respectively 8-bit signals. 

[0079] Two bits (bits of the present frame) starting from the LSB among 8-bit gray signals transmitted to the data 
gray signal modifier 400 are not modified, and they are input to the data gray signal converter 480. The remaining 6 
bits of the present frame are input to the data gray signal converter 480 for modification and concurrently stored in 
predetermined addresses of the frame memory 460. 

[0080] Here, since the frame memory 460 stores the bit of the present frame during a single frame period and then 
outputs the same, 6-bit gray signals of the previous frame are output to the data gray signal converter 480. 
[0081] The data gray signal converter 480 receives 6-bit gray signals of the present frame and 6-bit R gray signals 
of the previous frame, generates modified gray signals considering the 6-bit R gray signals of the previous and present 
frames, adds the generated 6-bit gray signals and the 2-bit LSB gray signals of the present frame, and outputs finally 
modified 8-bit gray signals G n \ 

[0082] In the same manner as with the R gray signals, the data gray signal converter 480 outputs modified 8-bit G 
and B gray signals considering the 6-bit gray signals of the present and previous frames. The 8-bit modified gray signals 
are converted into corresponding voltages by a data driver and supplied to the data lines. 

[0083] Here, the 6-bit R, G and B gray signals are stored in the established addresses of the frame memory 460. A 
skilled person can use a single frame memory 460 to assign the addresses for covering the R, G and B, or use three 
frame memories for the respective R, G and B to function as a single frame. 

[0084] Through the description referred to in FIG. 12, when 8-bit gray signals are input from the data gray signal 
source, the prior frame memory stores 8-bit R, G and B gray signals in the case of SXGA (1 ,280 x 1 ,024), and therefore 
20 at least 30 Mb memories are necessary, but the frame memory 460 according to the preferred embodiment of the 
present invention only stores 6-bit gray signals, thereby reducing memory capacity needed. 

[0085] Here, the more the number of the bits of the gray signals stored in the frame memory 460 becomes lower, 
the more the capacity needs of the frame memory 460 become lower, compared to the prior art. 
[0086] An operation of the data gray signal modifier according to the second preferred embodiment will now be 
25 described. 

[0087] FIG. 1 3 conceptually shows an operation of the data gray signal modifier according to the second preferred 
embodiment of the present invention. For easy understanding, the data gray signal modifier is designed using one 
frame memory and one data gray signal converter. However, the number of the frame memories and the data gray 
signal converters can be changed according to grades of the LCD panels, the bit number of the gray signals, and 
30 designer's intention. For example, three memories for configuring the frame memory and the data gray signal converter 
can be used to process R, G and B. 

[0088] A skilled person can configure the frame memory by using first and second memories for processing reading 
and writing processes corresponding to the respective R, G and B gray signals so as to enhance data processing speed. 
[0089] That is, when the gray signals are sequentially input to the frame memory, odd-numbered gray signals are 
35 stored in the first memory, and even-numbered gray signals are stored in the second memory, and when the odd- 
numbered gray signals are stored in the first memory, the second memory reads the first memory, and when the even- 
numbered gray signals are stored in the second memory, the first memory reads the second memory so that the data 
can be written/read to from the frame memory within a shorter time. 

[0090] Referring to FIG. 13, the configuration of the data gray signal modifier 400 is identical with that of the first 
preferred embodiment. However, the data gray signal modifier 400 according to the second preferred embodiment is 
different from that of the first preferred embodiment in that the data gray signal modifier 400 according to the second 
preferred embodiment reduces the bit number of the output gray signals compared to the bit number of the input gray 
signals. An operation of the data gray signal modifier 400 will now be described. 

[0091] When the 8-bit R, G and B gray signals are provided by the data gray signal source, the lower 3 bits of the 
8-bit R gray signals are not modified and are passed though the dotted line in the figure, and the remaining 5 bits of 
the present frame are input to the data gray signal converter 480 and the frame memory 460. 

[0092] The 5-bit R gray signals of the present frame input to the frame memory 460 are stored in predetermined 
addresses and then output at the next frame, and 5-bit R gray signals of the previous frame are output to the data gray 
signal converter 480. The data gray signal converter 480 then receives the 5-bit R gray signals of the present and 
previous frames G n and G^, generates the modified gray signals G n ' proportional to the differences between the gray 
signals of the present and previous frames, and outputs the same. At this time, the modified R gray signals G n ' are 
8-bit signals obtained by an addition of the modified 5 bits and the unmodified 3 bits. 

[0093] Two bits of the 8-bit G gray signals are passed via the dotted line, and remaining 6-bit gray signals G n are 
input to the data gray signal converter 480 and the frame memory 460. Here : the frame memory 460 stores the6-bit 
G gray signals of the present frame in a predetermined address, and outputs the 6-bit G gray signals of the previous 
frame G^ . Therefore, the data gray signal converter 480 outputs the modified gray signals G n ' using the 6-bit G gray 
signals of the present and previous frames. At this time, the modified G gray signals G n ' are obtained by an addition 
of the modified 6 bits and unmodified 2 bits. 
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[0094] Finally, 3 bits of the 8-bit B gray signals are passed via the dotted line, and remaining 5-bit gray signals G n 
are input to the data gray signal converter 480 and the frame memory 460. Here, the frame memory 460 stores the 
5-bit G gray signals of the present frame in a predetermined address and outputs the 5-bit G gray signals of the previous 
frame G^. Hence, the data gray signal converter 480 outputs modified gray signals G n ' by using the 5-bit G gray 
signals of the present and previous frames. At this time, the modified G gray signals G n ' are 8 bits obtained by an 
addition of the modified 5 bils and unmodified 3 bits. 

[0095] As described above, it is preferable that the passed bits among the 8-bit R, G and B gray signals start from 
the LSB, and a skilled person can change the number of the passed bits. Hence, the skilled person can change the 
capacity and number of the frame memories and modify the date gray signal converter. A digital circuit that satisfies 
Equation 9 can be manufactured as the data gray signal converter 480 according to the preferred embodiment, or a 
look-up table is made and then stored into a read only memory (ROM), and accessed to modify the gray signals. Since 
the modified data voltage V n ' is not only proportional to the difference between the data voltage V n . 1 of the previous 
frame and that of the present frame, but is also dependent on absolute values of the data voltages, the look-up table 
makes the configuration of the circuit simpler than computation. 

[0096] Referring to FIGs. 12 and 1 3, an example of a case in which an LCD panel is the SXGA (1 ,280 x 1 ,024) type 
and 8-bit gray signals are supplied will now be described. 

[0097] Conventionally, in this case, the frame memory requires at least 30 Mb, and the data gray signal converter 
requires 51 2Kb x 6 when processing two R, G and B pixels per clock signal of the control signals output by the controller 
470, and it requires 512Kb x 3 when processing one R, G and B pixel per clock signal. 

[0098] In detail, in the case of processing two pixels per clock signal, the data gray signal modifier 400 receives 
48-bit signals. Since the bus size of the memory is configured as x4, x8, x16 and x32 : the 48-bit bus is configured using 
three 16 -bit wide memories. 

[0099] However, since the bits from the LSB to the i (i=1 , 2, .... n-1 ) among the n bits are modified and the remaining 
parts are not modified in the preferred embodiment of the present invention, the capacity of the frame memory and the 
data gray signal converter can be reduced. For example, when n=8 and i=2, since six MSBs are needed to be modified 
and the remaining two bits are not needed to be modified, the frame memory only needs the capacity of 1 ,280 x 1 ,024 
x 6 bits = 22.5Mb, and since the data gray signal converter can use six bits instead of an 8-bit gray table memory 
(512Kb), the size is greatly reduced to 24Kb in the case of one pixel per clock signal, and reduced to 6 x 24Kb in the 
case of two pixels per clock signal. 

[0100] In the preferred embodiment, a number of modification bits are omitted in the modification of the gray signals 
since human eyes are not as sensitive to moving pictures as to still pictures, and therefore it is desirable to omit a 
number of modification bits within ranges wherein the human eyes cannot discern the variation of the gray signals of 
the moving pictures. 

[0101] Since peoples' eyes have different sensitivity with respect to R, G and B, it is desirable to differently omit the 
number of modification bits with respect to the gray signals of the corresponding color. That is, since human eyes are 
most sensitive to green and least sensitive to blue, it is desirable that the number of modification bits Y be in the order 
of G <R<B. 

[0102] According to the present invention, the data voltage is modified and the modified data voltage is supplied to 
the pixels so that the pixel voltage reaches the target voltage level. Hence, the response speed of the liquid crystal 
can be improved without changing the configuration of the TFT-LCD panel. 

[0103] Further, since only 'm* bits among n-bit gray signals are used, the number and capacity of the memory needed 
for modification of the data voltage can be reduced, thereby increasing yield of the panels and reducing the cost. 
[01 04] As described above, an image signal modification circuit for improving the response speed of the liquid crystal 
is shown in FIGs. 9 and 11 . 

[0105] Particularly, in order to reduce the cost of the image signal modification circuit, the gray signals except a 
portion of the LSB are modified, and this algorithm is simple and easy to apply. 

[0106] However, in the case of modifying four bits of the 8-bit gray, two problems caused by quantization can be 
generated as follows. 

[0107] It is assumed that the response speed becomes maximized when 1 68 (10101000) gray level (G n ') is defined 
as the DCC modification value in the case 208 (11010000) gray level (G^) is switched to 192 (11000000) gray level 
(G n ). A modification of the full 8 bits generates no problem, but a modification of MSB 4 bits so as to reduce the cost, 
the value 168 can not be provided to the gray lookup table. Therefore, the value of 176 (1011 0000) or 160 (101 00000) 
is input to the lookup table instead. That is, modification errors are generated as much as the omitted LSB bits. This 
can generate a greater problem in the following interval. 
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[0108] In this interval, the modification is gradually performed. In the case of configuring this interval using only 4 
bits : it becomes as follows. 
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[0109] The second problem is as follows. In the like manner of the previous example, if it is assumed that 1 1 76 gray 
level is provided as a modification value when the 208 gray level is switched to the 1 92 gray level, the 1 76 or 1 75 gray 
level must be provided to obtain a maximum liquid crystal response speed when the 207 gray level is switched to the 
192 gray level. 

5 [0110] However, in the case of modifying only 4 bits, since the MSB 4 bits of 207 (11001111) is identical with that of 
192 (11000000), the modification is not performed and the 192 is output. 

[0111] Particularly, in the case of moving pictures, the grays of 209 and 207 gray levels are distributed on a uniform 
screen of about 208 gray level, and although the difference between the 208 and 207 gray levels is 1 , degrees of 
compensation become greater, and accordingly, some displayed stains may look exaggerated. 
10 [0112] The above-noted two problems are referred to as the quantization errors, and when the number of the LSBs 
which are not modified but omitted is increased, the quantization errors become severe. 
[0113] An LCD for reducing the quantization errors will now be described. 

[0114] FIG. 14 shows a data gray signal modifier according to a third embodiment of the present invention. Repeated 
portions compared to FIG. 9 will be assigned with identical reference numerals and no further description will be pro- 
fs vided. 

[0115] Referring to FIG. 14, the data gray signal converter 460 of the data gray signal,modifier comprises a lookup 
table 462 and a calculator 464. 

[0116] As MSB 4-bit gray data G m [0:3] of the present frame and MSB 4-bit gray data G m . 1 [0:3] of the previous frame 
are provided by the combiner 41 0 : the values f, a and b stored in the lookup table are extracted and provided to the 
20 calculator 464. 

[01 17] The calculator 464 receives the LSB 4-bit gray data G m [4:7] of the present frame from the combiner 41 0, the 
LSB 4-bit gray data G m ..,[4:7] of the previous frame from the frame memory 420, the variables f , a and b for modification 
of the moving pictures from the lookup table, and performs a predetermined computation and outputs first modified 
gray data G m '[0:7] to the divider 450. 
25 [0118] The first modified 36-bit gray data provided to the divider 450 are divided, and the modified 24-bit gray data 
G n * are output to the data driver 300. 

[0119] In the preferred embodiments of the present invention as shown in FIG. 8, the LCD driven by a digital method 
is described, and also the present invention can be applied to the LCD driven by an analog method. 
[0120] According to a second preferred embodiment of the present invention, effects of reduction of the quantization 
30 errors will now be described in detail. 

[0121] First, if the total gray levels are set to be x bits, the MSB y bits of the x bits are modified using the gray lookup 
table and the remaining z bits, that is (x-y) bits are modified by computation. 
[0122] An example will now be described when x=8 and y=4. 

[0123] For ease of explanation, the following will be defined. [A]n is a multiple of the maximum 2 n not greater than 
35 A. For example, [207] 4 =[206] 4 =[205]4= ... =[1 93] 4 =[1 92^=1 92. 

[0124] That is, [A] n is a value representing that zeros are provided to all the LSB n bits of A, m [A] is a value representing 
that zeros are provided to all the MSB m bits of A : and m [A] n is a value representing that zeros are provided to all the 
LSB n bits and MSB m bits of A. When a mapping according to the gray lookup table for modification is set to be f (G n , 
G^), the modification of the present invention is as follows. 

40 

Equation 10 G n ^([G n ] 4> tG n . 1 ] 4 Ka([GJ 4 ,[G n . 1 ] 4 ). ±^ -b([G n U^n-M ^ 

45 where [GJ 4 represents that zeros are provided to all the LSB 4 bits of Gn, [G n . 1 ] 4 represents that zeros are 

provided to all the LSB 4 bits of G n . 1; 4[G R ] represents that zeros are provided to all the MSB 4 bits of G n , and a and 
b are positive integers. 

[0125] According to the equation 10, the quantization errors can be reduced by using the gray lookup table. 
[0126] The f, a and b are given as follows. 

50 

f(lG n ] 4l [G^] 4 )^G n {[G n ] 4i [G n _J 4 ) 
55 a([G n ] 4 ,[G n1 ] 4 ) =G n ([G n ] 4+ AS t [G n ^] 4 ) =G' n ([G n ] 4t [G n ^] 4 ) 

t>(lG n ] 4 \G n _,] 4 )=G n ([G n ] 4i [G n . 1 ] 4 )-G„([G n ] 4 , [G n . 1 ] 4 + 16) 
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[01 27] It is assumed that a gray lookup table for modification is obtained as shown in FIG. 3. 

Table 3 



Gn 1 


Gn-1 


64 


80 


Gn 


128 


140 


136 


144 


160 


158 



fr *!\ f^T 6 ' if H " S6t that [G "^= 128 and rG n -i]4=64, then it becomes that f([Gn]4 [G a«Gnl4 
LUi^sj hor example, when approximating the case of G =144 and G - «n h« ..em« tk + 

" rr B s 9,M,er ' ,hs e,ror * ,h « vaiues in »» ,e - ' 6 — - - 

when it becomes that a-b=1 6, then the state that G n '=G n is satisfied n "" 1 qUat '° n 1 °' 

[ulS! £o?e X xa™rI be deSCrib6d ° rder 10 deSCdbe the m ° dified gra * data com P" ted ««ng the equation 10 

^^^^JEStF"^**™' " 18 S3tiSfied that a ([3nI 4 . [ G n . l]4 )=160-14O= 2 0 
/1°6^48. HenCS ' SUbStitUting the va,ues for the ^^tiomo.it becomes that G^i^oxdse-iaayie^r^) 
[01 35] Also, in order to reduce the number of the bits stored in the lookup table, subsequent equation 1 1 can be used. 



Equation 11 



of r TnH !r 'V 6 ' in6d that f = f < [G ^.IG„-iU)-[G J 4 . and [G n ] 4 represents that zeros are provided to all the LSB 4 bits 
of G n , and [G n . 1 ] 4 represents that zeros are provided to all the LSB 4 bits of G , and rG 1 renresent* Thli ^Z 
provided to al, the MSB 4 bits of ^ and the values a and b are positive integers ^ m 
^ ^ r eXampl ^ Wi " be described j " onier to describe the modified gray data computed using the equation 11 

[g^*^ ^=12, a"([ Gn U, WW, 

(7 2 S)/1 EX Wh6n SUbStitU,in9 Va ' UeS eqUati ° n 11 • tt b6C0meS that G n '=128 + 12 + 20x(136-128)/16-4x 

[0140] Also.inordertoreducethenumberofthebitsstoredinthelookuptable.subsequentequatiomacanbeused. 



Equation 12 



^ ''(t G ^<W>G„ + aM[ G ^^^ 



where it is defined that f W-<3„, and [G,j 4 represents that zeros are provided to all the LSB 4 bits of G and rr i 
represents that zeros are provided to all the LSB 4 bits of G snri r<~ i r^™ . 1 7 [ "- ll4 

MSBdhHQ nrr a „ rflho , .. . ° ^ Dlls 01 ^n-i. and 4 [G n ] represents that zeros are provided to all the 

rnTT-T II a ' Ue 3 15 a " mte9er ' and the va,ue b is a positive integer. 

EES I ,S ' " 8 that a '« G nl4.[G r . 1 ] 4 )=a([G n ] 4 ,[G n . 1 ] 4 )-24. 

mS ^xlmor!^ 6 ^ * d6SCribe ^ m ° dified «>«* data com P uted usi "9 the equation 12 
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by a predetermined computation as shown in FIG. 15(b). 

[0144] That is, since f([G n ] 4: [G n . 1 ] 4 )-f([136]4 > [72] 4 )=f(128 l 64)=140 l it is satisfied that f'=f([G n U,[G n . 1 U)- 
G n =140-128=12, G n =136, a , (lGn] 4 ,[G n _ 1 ] 4 )=a , -1 6=4 and b([G n l 4i [G n . n ] 4 )=4. 

[0145] Hence, when substituting the values for the equation 12, it becomes that G n '=1 32+1 2+4x(1 36-1 28)/1 6-4x 
(72-64)/16=148. 

[01 46] In this case, since the value of a' becomes smaller the number of the bits assigned to (-1 6)a* can be reduced, 

but a' can be negative number in some intervals, and accordingly, an additional sign bit must be assigned. 

[0147] As described above, the size of the lookup table for the modified gray data becomes smaller in order of 

equations 10, 11 and 12, and the logic complication increases on the contrary. 

[0148] In the above, modification of 8 bits is described. 

[0149] However, all the 8-bit data may not be stored when the capacity of the frame memory or the number of input/ 
output pins should be reduced. 

[0150] For example, since dimensions of a DRAM include x4, x8, x1 6 and x32, the dimension of x32 should be used 
so as to store 24-bit color information of the respective R, G and B, but it costs a lot. Instead of the dimension of x32, 
a dimension of x16 can be used, and 5-bit R, 6-bit G and 5-bit G can only be stored. The modification in this case is 
executed as follows. 

[0151] That is, in the case of 6 bits, the modification gray values are output as follows. 
Equation 13 G n = f{[G n ] 4 XG n _,U) + a.[GJ A \G^ 

where it is defined that [G n ] 4 represents that zeros are provided to all the LSB 4 bits of G n , and [G rv1 ] 4 represents 
that zeros are provided to all the LSB 4 bits of G^, and 4G n ] represents that zeros are provided to all the MSB 4 bits 
of G n , and the values a and b are positive integers, and 4 [G n ]»2 functions such that binary data of the computed 4 
[G n ]2 are shifted in the right direction by 2 bits, and as a result, it functions as division by 22. 
[0152] Also, in the case of 5 bits, the modification gray values are output as follows. 

Equation 14 G = f(l G n ) 4 XG^]^([G n )^G^ 

where It is defined that [GJ 4 represents that zeros are provided to all the LSB 4 bits of G n , and [G^^ represents 
that zeros are provided to all the LSB 4 bits of G^, and 4G n ] represents that zeros are provided to all the MSB 4 bits 
of G n , and the values a and b are positive integers, and 4 [G,J»3 functions such that binary data of the computed 4 
[Gob are shifted in tne n 9 nt direction by 3 bits, and as a result, it functions as division by 2 s . 

[0153] Also in the case a high speed computation is difficult as the pixel frequency becomes higher according to the 
resolution, even the gray data G n of the present frame can be modified omitting some LSBs. In the case of modifying 
respective 6 bits of G n and G n _.,, the conversion is as follows. 

\G 1^2 \G 1^2 

Equation 15 ^^[G^^G^^^aXtG^^G^]^ ^ g -b-([G n ] 4 ,[G n , t ] 4 )- 4 g 

[0154] As described above, a gray lookup table of p bits is used, and in the case of modifying only q-bit Gn and r- 
bit Gn-1 , it is as follows (q, r > p.) 

Equation 16 G n = /([G^, [G n ^) B . p ) + a-([G„] fi _ p , [G„. t ] fi . p )-^|^^ 

nnr^ rr i > ptG n ] 8 , r »(8 - r) 
-M[G n ] 8 _ p , [G^ls.p) 

[0155] An operation of an LCD having a function of a moving picture modification will now be described. 

[0156] As described above, in order to remove a lagging effect of moving pictures, image signals G n of a frame are 

modified compared to the image signals G^ of a previous frame and using the equations 1 7 to 20. 
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Equation 17 G n = G n , if G n = G n . 1 



Equation 18 G ' n > G„, if G„ > G(M 



Equation 19 G„ < G„, tf G„ < G|>1 



Equation 20 G - G 



G n-1 
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on\h 8 e\o,lowin g %:ro e ns deSCribed m ° difiCa,i ° n ^ 0nse *>~ d of the LCD pane, becomes faster based 
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supplied to the liquid crystal. -«w~. -no accordingly, the voltage different from the previous one is 
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forming an overcompensation. response time of the liquid crystal can be compensated by per- 
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cases even though there are some Merence tte^L Z TI- h t0 f * ™ S iS Pr6Se,Ved in most 

example, in the case of the twisted neZ^ode tTll Tl CryS,a ' 0r th ° driVin9 m ° des of the LCD " *» 

a response time of 30ms when the voltage is 2SSS^ 1 '^SJ 0^°^ ^ "T* * " liqUid "*» that has 
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That is, when supplying 3V in orde to obS desTd f,fn 9 transm,ssion corresponding to 2V before 30ms. 

target transmission coLpondtg^V^ to 2V " < ha —'-ion reaches its 

EheX^S 

time to cut off the voltage, that is , Tswteh the voEa^h lh T'k 7 feaCheS 2V 3 time Shorter than 30ms - A 
liquid crystal reaches 2V after a single^ame ,1 6 S L " f "7 ' S SWitChe<1 Theref0re ' if the volta 9e of the 
subsequent frame, the response time beeves 16 7ms Z S" nP ' V °' tage * SUPP ' ied and 11 becomes to 2V * a 
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Hence^^ 

[0167] Also, in the case of driving the LCD and particular* in the case of implementation of the moving pictures, the 
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size of the gray lookup table of the image signal modification circuit for enhancing the response speed of the liquid 
crystal can be reduced and the quantization errors can be removed. 

[0168] While this invention has been described in connection with what is presently considered to be the most prac- 
tical and preferred embodiment, it is to be understood that the invention is not limited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifications and equivalent arrangements included within the spirit 
and scope of the appended claims. 

[01 69] Where technical features mentioned in any claim are followed by reference signs, those reference signs have 
been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such reference signs 
do not have any limiting effect on the scope of each element identified by way of example by such reference signs. 



Claims 

1. , A liquid crystal display (LCD) comprising: 

a data gray signal modifier for receiving gray signals from a data gray signal source, and outputting modification 
gray signals by consideration of gray signals of present and previous frames; 

a data driver for changing the modification gray signals into corresponding data voltages and outputting image 
signals; 

a gate driver for sequentially supplying scanning signals; and 

an LCD panel comprising a plurality of gate lines for transmitting the scanning signals; a plurality of data lines, 
being insulated from the gate lines and crossing them, for transmitting the image signals; and a plurality of 
pixels, formed by an area surrounded by the gate lines and data lines and arranged as a matrix pattern, having 
switching elements connected to the gate lines and data lines. 

2. The LCD of claim 1 , wherein the data gray signal modifier comprises: 

a frame storage device for receiving the gray signals from the data gray signal source, storing the gray signals 
during a single frame, and outputting the same; 

a controller for controlling writing and reading the gray signals of the frame storage device; and 
a data gray signal converter for considering the gray signals of a present frame transmitted by the data gray 
signal source and the gray signals of a previous frame transmitted by the frame storage device, and outputting 
the modification gray signals. 

3. The LCD of claim 2, wherein a clock signal frequency synchronized with the gray signal provided by the data gray 
signal source is identical with that synchronized with the controller. 

4. The LCD of claim 2, wherein a clock signal frequency synchronized with the gray signal provided by the data gray 
signal source is different from that synchronized with the controller. 

5. The LCD of claim 4, wherein the LCD further comprises: 

a combiner for receiving the gray signals from the data gray signal source, combining the gray signals to be 
synchronized with the clock signal frequency with which the controller is synchronized, and outputting the 
combined gray signals to the frame storage device and the data gray signal converter; and 
a divider for dividing the gray signals output by the data gray signal converter so as to be synchronized with 
the frequency with which the gray signals transmitted by the data gray signal source are synchronized. 

6. The LCD of claim 2, wherein the data gray signal modifier modifies the gray signals so as to output a modification 
data voltage V n ' that satisfies the following equation 

where the data voltage of the present frame is set to be V n and that of the previous frame to be V„. v 

7. The LCD of claim 6, wherein the data gray signal converter uses a digital circuit to output modified gray signals 
that satisfy the above-noted equation. 
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11. Th. LCD of claim 10. wh.rain ,he data gray eigne, modifier cempri.e,: 

13. The LCD of claim 11 , wherein the number w is varied according to R, G and B. 

14. The LCD of claim 13. wherein the number W is the biggest with respect to B. 

15. The LCD of claim 13, wherein the number W is the smal.est with respect to G. 

16 - S^f^irss^^s sett: r nmodified (n - m) b * s — - ™ 

considering the gra y signais of W^S^™ ^^Kr,S» 
17. The LCD of claim 11 , wherein the frame storage device comprises: 
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22. The LCD of claim 1 , wherein the data gray signal modifier receives x-bit gray data with respect to R, G and B from 
the data gray signal source and performs a first modification on a predetermined MSB bits of the respective x-bit 
gray data of the present and previous frames by using the lookup table, performs a second modification on re- 
spective remaining bits of the gray data of the present and previous frames via a predetermined computation, and 
outputs modification gray data via the first and second modifications. 

23. The LCD of claim 22 ; wherein the data gray signal modifier comprises: 

a frame storage device for receiving the x-bit gray data from the data gray signal source, storing the gray data 
during a single frame, and outputting the same; 

a controller for controlling writing and reading the gray data of the frame storage device; and 
a data gray signal converter for considering the x-bit gray data of a present frame transmitted by the data gray 
signal source and the gray data of a previous frame transmitted by the frame storage device, generating 
modification gray data and outputting the same to the data driver. 

24. , The LCD of claim 23, wherein the data gray signal converter comprises: 

a lookup table for respectively receiving MSB y-bit data of the x-bit data of the previous and present image 
data, and outputting variables (f, a, b) for a modification of moving pictures; and 

a calculator for respectively receiving LSB z-bit data of the x-bit data of the previous and present image data, 
receiving the variables (f , a, b) and outputting the modified gray data. 

25. The LCD of claim 24, wherein the modified gray data G n are obtained using the subsequent equation: 

©;« f([G n ) z , [G^U + a([G n ] z , [G^] z )^M[G n \AG^] z )^ 

where z=x-y, [G^ represents that zeros are provided to all the LSB z bits of Gn, [G^k represents that zeros 
are provided to all the LSB z bits of G^, y [G^ represents that zeros are provided to alt the MSB y bits of G n , and 
a and b are positive integers. 

26. The LCD of claim 24, wherein the modified gray data G n are obtained using the subsequent equation: 

where it is defined that z=x-y, f , =f([G n ] z ,[G n . 1 ] z )-[G n ] z , and [G n ] 2 represents that zeros are provided to all the 
LSB z bits of G n , and [G^^ represents that zeros are provided to all the LSB z bits of G iv1 , and yfGJ represents 
that zeros are provided to all the MSB y bits of G n , and the values a and b are positive integers. 

27. The LCD of claim 24, wherein the modified gray data G n are obtained using the subsequent equation: 

G'n = niG n ] z ,[G n ^ z ) + G n+ a'([G n ) z ,[G n ^ z ) .^-MSJJG^),)-^ 

where it is defined that z=x-y, f=f-G n> and [G n ] z represents that zeros are provided to all the LSB z bits of 
G n . and [G^k represents that zeros are provided to all the LSB z bits of G^, and y[G n ] represents that zeros are 
provided to all the MSB y bits of G n , and the value a is an integer, and the value b is a positive integer. 

28. The LCD of claim 25, wherein if a-b=16 in the case [GJ^IGn-iki the condition that G n = G n _-, is satisfied. 

29. The LCD of claim 27 ; wherein if a-b=0 in the case [G n ] z =[G n . 1 ] z , the condition that G n = G^ is satisfied. 

30. In a liquid crystal display (LCD) driving method comprising a plurality of gate lines; a plurality of data lines being 
insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area surrounded by the 



EP1 122 711 A2 

(a) sequentially supplying scanning signals to the gate lines- 

(c) su P p lyi ng data voltages corresponding to the genera.ed modifica.ion image signals to .he dale lines. 

31 . The LCD driving method of claim 30, wherein the image signals are identified as analog voltages. 

32. The LCD driving method of claim 30, wherein the image signals are identified as digital gray signals. 

33. The LCD driving method of claim 32, wherein the (b) comprises: 

IS 6 '"IT f i9na,S transmitted f ™ image signal source by as much as a single frame- 

?h=-r^ 

34. The LCD driving method of claim 30, wherein the modification image signals satisfy the following equation 

where the data voltage of the present frame is set to be V„ and that of the previous frame to be ^ 

~^it^^ signals 
signals are generated. H»B»eni irames is searched and the modification image 

and data lines, an LCD driving ^ 00^9^ ' ^ SW ' tCh ' n9 e ' emen,S COnneCted l ° the lines 
(a) sequentially supplying scanning signals to the gate lines- 

38. The LCD driving method of claim 37, wherein the (b) comprises: 

40. The method of claim 39, wherein the number W is varied according to red (R), green (G) and blue (B). 

41. The method of claim 40, wherein the number w is the biggest with respect to the B. 
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42. The method of claim 40, wherein the number *m' is the smallest with respect to the G. 

43. The method of claim 37. wherein the modification gray signal satisfies the following equation 

IWJ + W-KiP 

where the data voltage of the present frame is set to be V n and that of the previous frame to be V n . 1 . 

44. The method of claim 38. wherein in the (b-2), a look-up table that writes modification gray signals corresponding 
to the respective m-bit gray signals of previous and present frames is searched and first modification gray signals 
are then generated. 

45. The method of claim 44, wherein when the modification gray voltage is greater than a first voltage, the lookup table 
sets the modification data voltage as the first voltage, and when the modification data voltage is lesser than the 
second voltage, the lookup table sets the modification data voltage as the second voltage. 

46. In a liquid crystal display (LCD) driving method comprising a plurality of gate lines; a plurality of data lines being 
insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area surrounded by the 
gate lines and data lines and arranged as a matrix pattern, having switching elements connected to the gate lines 
and data lines, an LCD driving method comprising: 

(a) sequentially supplying scanning signals to the gate lines; 

(b) receiving x-bit image gray data from an outer image signal source; 

(c) delaying the image gray data by a single frame; 

(d) extracting variables for a modification of the moving pictures from the lookup table by using MSB y bits of 
a single-frame delayed digital gray data and MSB y bits of the digital gray data received at the present frame; 

(e) computing LSB (x-y) bits of the single-frame delayed digital gray data, LSB (x-y) bits of the digital gray 
data received at the present frame, and the variables extracted from the (d); and' 

(f) supplying the data voltage corresponding to the modified gray data to the data line. 

47. The LCD driving method of claim 46, wherein the modified gray data G n is obtained according to the subsequent 
equation: 

G n = ^([G n ] z .[G n . 1 ]>a([G n ] z .[G n . 1 ] 2 ).3^-bttG„] z .[G n . 1 ] 2 ) 

where z=x-y, represents that zeros are provided to all the LSB z bits of Gn, [G^k represents that zeros 
are provided to all the LSB z bits of G^, ylGJ represents that zeros are provided to all the MSB y bits of G n , and 
a and b are positive integers. 

48. The LCD driving method of claim 46, wherein the modified gray data G n are obtained using the subsequent equa- 
tion: 

G>r4(GJ, + a-([GJJG^ 1 ],-^.d-ffGJ'JG^ 1 ]J-^ 

where it is defined that z=x-y, f=f([G n ] 2 , [G rv1 ] 2 )-[G n ] z , and [GJ Z represents that zeros are provided to all the 
LSB z bits of G n , and [G n _ 1 ] 2 represents that zeros are provided to all the LSB z bits of G^-,, and yfGJ represents 
that zeros are provided to all the MSB y bits of G n , and the values a and b are positive integers. 

49. The LCD driving method of claim 46, wherein the modified gray data G n are obtained using the subsequent equa- 
tion: 
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2 2 Z 

proved ,o an ,h. MSB y b « s „ s „, „ L value . „ r^r^'ffi^ "~ « 

50. The LCD driving method of claim 47, wherein if a-b=1 6 in the case rr,i tr- i «. 

satisfied. lnme case [ G n] z =(G n . 1 ] z , the condition that G n = G,,., is 

IatTs«e C d D driVi ° 9 me,h ° d ° f C ' aim 49 ' Wherei " " a " b =° in the — KUWOn^. the condftion that G n = G n , is 

gate .ines and data lines and ^^^^^l^!! 1 ^ * T?" * a " a SUrr ° Unded b * th * 

and data .ines, an LCD driving apparftS comprising ° ° e ' 6mentS * ^ 9316 

— ^ -a gray signa, source, performing a first 

53. The LCD driving apparatus of claim 52. wherein ths data gray signal modular comprises: 

a oorarolle, tor controlling writing and rMalng m , oaK 

the mooter, grey ^IZ^^Z'^ZT '" ro< ' *** 9e ™ ra "" 9 

54. The LCD driving apparatus of olalm 53. vyner.in the data gray signal oony.rter comprises: 

£^ 

I q h ua«on D driVinS 3PParatUS °' C ' aim 54 ' Wherei " the m ° dified ™ are obtained using the subsequent 

2 2 Z 

where z=x-y,[G n ] 2 represents that zeros are provided to all the LSR 7 hitc „f <-„ i 
are provided to all the LSB z bits of G ,G l r P nr.= Jn.tth * ' f • v1,z re P resents that zeros 

a and b are positive integers - , * V ' J repreSents that 2eros are Prided to all the MSB y bits of G n , and 

ISuJuon 0 drMn9 aPParmUS °' 54 ' Wh6rein the m ° dified Sray data G n are obtained using the subsequent 
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5 where it is defined that z=x-y. r=f([G n ) 2 ,[G n . 1 ] z )-[G n ] 2 , and [G n ] 2 represents that zeros are provided to all the 

LSB z bits of G n , and [G^k represents that zeros are provided to all the LSB z bits of G^-,, and ytGJ represents 
that zeros are provided to all the MSB y bits of G n , and the values a and b are positive integers. 

57. The LCD driving apparatus of claim 54, wherein the modified gray data G n are obtained using the subsequent 
w equation: 

where it is defined that z=x-y, f'=f-G n , and [G n ] z represents that zeros are provided to all the LSB z bits of 
G n , and [G n . 1 ] z represents that zeros are provided to all the LSB z bits of G n _ 1 , and y[G n ] represents that zeros are 
provided to all the MSB y bits of G n? and the value a is an integer, and the value b is a positive integer. 

20 58. The LCD of claim 55, wherein if a-b=16 in the case [G n ] z =[G n _.|] 2f the condition that G n = G n . 1 is satisfied. 

59. The LCD of claim 57, wherein if a-b=0 in the case [GJ^tG^k, the condition that G n = G n-1 is satisfied. 
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Fig. 6 




29 



EP 1 122 711 A2 




EP1 122 711 A2 



ig.8 



300 

( 
I 

j 



On 



200 





7" — 

dote 
roy signal 

mocifier 


Gn' 


data driver 


■ g 












01 


02 




Dm 




gate 
driver 






,1 10 


A 10 






SI 




C T T 


110 V I « 
j Vcom 






S2 




j jo, 

Vcom 


Vcom 
















i 








Sn 













31 



EP1 122 711 A2 



Fig. 9 
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Fig. 10 
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Fig. 12 
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Fig. 13 
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Fig. 1 5a 
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